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As part of the FORESEE project, a 70 km2 area covered mainly by Maritime Pine (Pinus pinaster) in the Landes forest (South-Western France) was sampled by a small footprint, full-waveform ALS system. Forty circular plots of 0.1 ha or 0.7 ha according to tree heights, were inventoried. Plot biomasses were calculated from tree height and diameter at breast height (DBH) measured in the field using an allometric equation [Shaiek et al. 2011].

Conclusion

The potential of Lidar to assess Above-Ground Biomass (AGB) at plot level is widely acknowledged [Nelson et al. 1988, Naesset 2004, Van Leeuwen and Nieuwenhuis 2010]. In most studies biomass estimations are calculated from statistical relationships linking biomass values derived from field measurements to metrics extracted from the point cloud. In general, several height percentiles are selected to describe tree height distribution, with only a few remaining in the final model. In such approaches, biomass models do not take into account the horizontal heterogeneity of the canopy within the plot.

Investigating field data to determine key parameters that could synthesize tree height heterogeneity in a way compatible with biomass models at plot level led us to define the following Lidar based parameters:

• Gap fraction (P)

• Standard deviation of the canopy height model (CHM) excluding gaps (σ CHM )

Those two parameters were calculated with a spatial resolution of 1 m x 1 m.

To assess the relevance of such parameters in biomass models, we then compared traditional models based on several height percentiles with models based on the combination of the P and σ CHM parameters and the height percentile with the highest explanatory power (selected by a stepwise regression).

Before calculating height percentiles, point densities were corrected for occlusion effects by (1) weighing each point by number of echoes in the pulse associated with this point and (2) excluding points of upper layers to assess the density at a given layer.

A leave-one-out cross validation method was used to calibrate the AGB models.

We propose introducing specific Lidar metrics (H 92 , P and σ CHM ) to quantify the influence of vertical and horizontal heterogeneity in a model to calculate AGB of a monolayer stand. Tree height, gap fraction and standard deviation of the CHM were found to improve the AGB estimation model compared with the one using height values alone.

Further studies will be required to investigate the capacity of this model to predict AGB in complex forest stands. Full-waveforms data should also be analyzed in order to investigate new Lidar parameters. Adding a gap information and standard deviation of the CHM to a height percentile value was found to improve AGB estimation as evidenced by increase in R 2 and decrease in RMSE.

The aim of this study is to improve AGB estimation models for mono-layer stands by including indicators of the spatial heterogeneity of tree height distribution derived from Airborne Laser Scanning (ALS) data. 
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  The model obtained reduces error significantly (4%) compared to models based only on several height percentiles.